This study aims to understand the existing urban passenger transport system in Hong and 
Introduction
Mobility is one of the most fundamental challenges facing cities, as transport provides one of the essential infrastructures for development. But it also directly affects the economic efficiency and the well-being of city inhabitants through access to housing, work, education, health care, and other amenities. Transport also impacts environmental and health outcomes through traffic congestion, air pollution, high noise levels, high numbers of accidents, and carbon emissions.
Cities are the center of energy consumption and emissions; they account for 75 per cent of global energy consumption and nearly 80 percent of greenhouse gas emissions (World Bank 2010) . Achieving sustainable transport is one of the most fundamental challenges in realizing greater carbon efficiency at the city level. Internationally, the transport sector uses a large share of oil resources, accounting for over 61% of total oil demand in 2008 (IEA 2010).
Transport-related CO 2 emissions account for between 15% and 40% of total city CO 2 emissions, mainly from road transport, and in many developing countries account for the greatest share of the increase in carbon emissions because individuals aspire to own their own vehicles. Traffic volumes continue to rise in most cities and the transport sector has continued to be the most difficult sector within which to reduce CO 2 emissions for both developed economies with well-developed transport systems and emerging economies with underdeveloped transport systems (Hickman and Banister 2007; Hickman, Ashiru and Banister 2009a , 2009b , 2010 .
In many large cities in developed economies, e.g., London, CO 2 emissions from the transport sector continues to increase and the transport sector is a main contributor to energy consumption and carbon emissions (Hickman and Banister, 2007; Banister 2007) . These cities face even greater challenges because it is more costly to switch away from existing transport infrastructure and residents are accustomed to traditional transport systems. Cities in emerging economies have an urgent need to tackle sustainable transport on a grand scale in order to create pathways towards sustainability. Such cities are growing very rapidly and more and more people, especially the younger generation, pursue modern lifestyles that are high in energy consumption and CO 2 emissions (Dimitriou 2006) . In China, three hundred million Chinese rural dwellers will move to cities over the next twenty years (Woetzel, Mendonca, and et al 2009) . More new vehicles are sold in China than anywhere else in the world, which is a primary driving force behind China's increasing demand for oil. China now is the second largest oil importer in the world after the United States and China is now the largest aggregate CO 2 emitter in the world (Zhao 2010; IEA 2014) .
On the other hand, the relatively low motorization rate and underdeveloped transport infrastructure means that cities in emerging economies like China have more scope to be flexible in adapting to environmental and climate challenges. For instance, China can choose to invest now in cleaner vehicle technologies, for example electric vehicles and hybrids or bus rapid transit systems (Ni, Bai, and Sperling 2008) . There is potential for using different urban forms and layouts; for example, controlling sprawl by designing urban development around fast public transport, connecting high-density nodes of residences, places of employment, and commercial and leisure activities (Ng and Schipper 2005; Banister and Hickman 2009; Hickman, Ashiru and Banister 2009b) .
In order to promote cities to move to a low-carbon transport system, it is of pressing importance to understand what the existing urban transport system looks like and how it functions in practice. Economically and socially vibrant urban areas cannot exist without a system for moving people, goods, and services. Transportation in urban areas is highly complex because of the modes involved, the multitude of origins and destinations, and the amount and variety of traffic. Car dependency, traffic congestion, long commuters, sprawl, and associated air and noise pollution characterize many contemporary cities, which challenges those cities to be sustainable. The health of cities, and their ability to generate income and wealth income and wealth for their inhabitants, is improved if the transportation system is efficient, and if its construction and operation considers its impacts on citizens, land use, the environment and economic development. How the transportation system in a city performs depends both on public investment and policy, and on millions of decisions made daily by consumer-travelers about whether, where, how and when to travel. Understanding how people make travel choices is key to understanding urban transportation problems and potential solutions.
This study aims to understand the existing urban passenger transport system in Hong and Shenzhen from the perspective of human travel behavior, examining closely what factors influence individual travel behavior in the two cities. The research is based on comparisons drawn from household and individual travel surveys conducted in the two cities. The urban transport system is the bone of the city supporting both passengers and freight mobility. This research focuses on the passenger transport system. It does not examine every element of the urban passenger transport system, but focuses on those aspects covered by the survey.
Data from travel surveys provide essential information for traffic planners, public transport providers, infrastructure authorities, and transport scientists (Nitsche, et al 2014) .
The analysis of individual travel behavior can improve the understanding of CO 2 emissions caused by passenger transportation by identifying upstream socio-economic factors, relating behavior to different government policies, and enabling a better assessment of the potential social impact of measures introduced to limit greenhouse gases due to transport (Nicolas and
David 2009).
Hong Kong and Shenzhen are ideal cases to understand sustainable transport systems in both developed and emerging economies. Shenzhen is in one of China's most successful Special Economic Zones (SEZs) and has been one of the fastest-growing cities in the world, situated just north of Hong Kong. Shenzhen's socioeconomic development and material living standards are among China's best, and Shenzhen has made significant efforts to promote a low-carbon transport system. It is the seventh city in mainland China to build a subway system and is one of five pilot cities for promoting hybrid and battery vehicles through a governmental subsidy program.
Hong Kong is one of the most densely populated territories in the world, with a land mass of 1,104 km 2 and a population of seven million people. Hong Kong has succeeded in transforming itself from a pre-industrial settlement to a dynamic global urban center and one of the world's leading international financial centers. It has a highly developed and sophisticated transport network, encompassing both public and private transport. Over 90% of daily journeys are on public transport, one of the highest rates in the world. However, according to one study, Hong Kong still has the second highest carbon footprint per capita in the world, due to the city's high consumption patterns and large volume of imports (Hertwich (Lee, Hickman, Washington, 2007; Donegan, Adamson, Donegan, 2007; Stopher and Greaves, 2007; Liu and Shen, 2011; Collia, Sharp, and Giesbrecht, 2003; Mohammadian, Javanmardi, and Zhang, 2010 (Zhou et al 2014) . Understanding the behavior of different types of consumers will be essential for designing appropriate policies to reduce energy consumption and carbon emissions.
The rest of the paper is organized as follows. The survey data sets used for analysis are described in Section 2. Analysis of behavioral factors affecting transportation choices is conducted in Section 3, include assessments of travel modes, frequency and duration of trips, and purposes of trips; growth in the vehicle population; promotion of electric vehicles, use of the public transport system, and use of non-motorized transport. A final section concludes.
Data Sources
The data used in this study come from three separate surveys conducted in Shenzhen 
Assessment of Urban Transport Systems
Mobility is an outcome of personal choice as is the means of travel, such as the automobile, walking, cycling and the motorcycle. Travelers make decisions they think are in their best interest, and they have a lot of travel experience to help them with those choices.
Travelers try to optimize their outcomes in the context of the benefits and costs that they personally incur.
Urban transport consists of a family of modes, which range from walking, bicycles, to buses, urban metro, and regional rail systems. ESCAP (2012) Cities with sustainable transport systems are characterized by high public transport mode shares, transit-oriented development aimed at reducing travel demand, restricting car usage and facilitating the use of non-motorized modes.
Travel Modes, Trip Frequency and Duration, and Trip Purposes
Travel mode. The choices that individuals make about travel mode is most consequential for energy use and carbon emissions. In Shenzhen, driving a car consumes nearly 10 times as much energy as taking public transportation and emits nearly 5 times as much CO 2 (Zhao et al, 2015) .
In Shenzhen non-motorized transport (walking and bicycling) accounts for 50% of all passenger trips, where trips are calculated by their main mode (that used for the longest leg measured by distance). Walking no more than 10 minutes is the dominant mode and the average distance is 516 meters, which suggests that short-distance trips are significant part of people's daily lives. Such a pattern is facilitated by sound job-housing balance in terms of urban planning. Buses and subways account for 20% and 7% of passenger trips and 54.7% of all motorized passenger trips which is close to the goal for public motorized passenger trips to reach 56% by the end of 2015.
3 4 This share is substantially higher than that reported by Zhen (2013) for Shenzhen in 2010, suggesting that progress has been made encouraging individuals to use public transportation. The other motorized main travel modes are cars (or vans) and taxis, which account for 16% of all trips, and electric 2-wheel vehicles, which account for 6% of trips.
3 According to governmental statistics (SBS, 2015) , there were approximately 136,000 tourists daily in Shenzhen in 2014, who are supposed to use franchised buses and public transports as major modes for travel, and our result on share of public transport could be underestimated. In Hong Kong, the share of trip legs using cars and taxis was less than 7% in both 2002 and 2011 (and declining slightly over time), which is less than half the share in Shenzhen even though incomes are considerably higher in Hong Kong. We discuss the reasons for these disparities in more detail in sections 3.2 and 3.4 below.
5 The shares in this figure will differ slightly from the shares of trips defined by main mode. Unfortunately, the Hong Kong data does not include information on the distance of each leg, so we cannot define a main mode for each trip. and incomes, differences in overall demand for trip number and duration are unlikely to explain differences in transportation patterns in the two cities.
Trip purposes. Next, we compare the purposes of trips in Shenzhen and Hong Kong all trips are to go to work or return home. 8 However, among non-home trips, the share of work trips is noticeably higher in Shenzhen than Hong Kong. This is consistent with the findings that higher incomes and older age are associated with more non-work trips (Hu et al., 2013) . Interestingly, when looking separately at motorized trips and walking trips, we find that the share of non-work trips is much greater for walking trips than for motorized trips in Hong Kong, but only slightly greater in Shenzhen. This suggests that Hong Kong's urban structure (population density, nearby availability of shops, restaurants, and services) enables a 6 In the Shenzhen sample, the 996 respondents who reported trips made 2954 trips in the previous day. The rest 19 samples were not in SZ or did not go out on the surveyed trip-day. 7 The data for Hong Kong in 2011 contain only travel information for samples that used motorized transport or bicycles at least once. local currency at current prices) in both cities.
The private car population in Shenzhen will continue to increase in the future along with income increases and relatively low existing vehicle ownership. 42% of respondents plan to purchase a private car in the next 5 years, and of these future car buyers 83% of them do not have a car now. Without more aggressive government policies, vehicle fuel consumption will continue to increase rapidly not only because of a higher vehicle population but also average fuel economy will worsen due to the desirability of purchasing larger vehicles (e.g., SUVs).
In order to reduce the environmental impacts and traffic jams caused by a rising vehicle population, the Shenzhen government established a car quota policy in 2014 to restrict the number of new cars to 100,000 units every year for the following five years. 10 .
The policy allocates the quota in the following manner: 20% for electric cars by lottery, 40%
for conventional cars by lottery, and the remaining 40% for conventional cars by auction. As a result, the car population will increase at a lower speed if the government can successfully limit citizens from driving vehicles registered in other cities, which has been a problem in other cities with strict controls, like Beijing. We asked respondents if they support a quota policy to restrict the vehicle population, and 20% of them support it but these are mostly not potential car buyers. Shenzhen can also learn from Hong Kong's experience to increase the cost of purchasing vehicles and at the same time to provide high quality public transport options.
Both the Shenzhen and Hong Kong surveys ask respondents why they made the decision to buy a car. The results are quite similar (see Figure ) . Top four reasons in Hong
Kong include saving time, need for work, family use, no need to transfer. As for Shenzhen, the top three reasons are convenience, need for work, and family need.
Figure : Why did you buy the car?
It should be noted that the Shenzhen government now forbids the use of gas motorcycles in major urban areas and roads due to safety concerns, with restrictions placed on electric bicycles on some roads as well. 11 The ownership of gasoline-fueled motorcycles thus is probably underestimated because people do not want to report their use. The selfreported ownership of motorcycles and electric bikes per 1000 persons are 6 and 60, respectively. 7% of the respondents plan to purchase electric bikes in the future. Electric bikes can be a sustainable transport mode if the Chinese electricity structure can be shifted to use more renewable energy sources.
Electric Vehicles
Electric vehicles (EVs) have been claimed to provide a key pathway towards (Hao, et al., 2014) . BYD Ltd, the largest local EV manufacturer in Shenzhen, is the most innovative and independent national auto brand and leads EV manufacturing development in China.
Shenzhen is regarded as having achieved greater success than other cities in China in
promoting EV use (Li et al., 2015) . Even though both governments have made significant efforts to promote EVs as described above, the development of electric vehicles has been slow in both cities. Shenzhen has been more successful than Hong Kong. As shown in Table 1 , the development of EVs in both cities is still at an early stage. The share of EVs in the total vehicle population is less than 0.5% in both cities but is higher in Shenzhen (0.37%) than in Hong Kong (0.26%).
There are many more buses, taxis and government cars that are EVs in Shenzhen than in Hong Kong. Considering that these sectors are either directly invested or intensively regulated by the government in both cities, it indicates a much stronger role of local government in Shenzhen than in Hong Kong in promoting EVs. The percentage of EVs in total cars surveyed in both Hong Kong and Shenzhen are higher than those in Table 1 , which may due to the sample selection. In the Hong Kong 2011 survey, we found 11 battery EVs and 11 hybrid electric vehicles (HEVs) among 1224 surveyed respondents who have vehicles, accounting for 1.79%. In Shenzhen, there were only 3 battery EVs and 3 HEVs out of 412 cars, accounting for 1.46% of total cars. The expectations of governments in both cities continues to be higher than the real actions of private buyers. According to the statistics of the car quota policy in Shenzhen in 2015, 20,000 lottery quotas were assigned to EVs in Shenzhen while only 2146 were actually used 12 . Both governments have established ambitious future targets but defined differently. The Shenzhen government has set up a goal proportional to annual incremental vehicles, while the Hong Kong government has a goal based on the total vehicle population. Tremendous efforts are required to persuade vehicle owners to replace their gasoline cars with EVs.
In order to understand what are barriers causing slow development of EVs from the perspective of consumers, we analyzed the reasons that survey respondents claimed prevented them from buying an EV (see Figure ) . Interestingly, we notice that the main reasons cited by potential car buyers in the two cities are divergent. We categorized the long list of reasons into four major types--technology, infrastructure, knowledge, and pricing. We find that citizens in Shenzhen choose not to buy an EV mainly due to reasons related to technology (mileage, safety, etc.) and pricing issues, while Hong Kong car buyers mainly cite infrastructure and knowledge (EV experience and awareness of EV models) issues.
Consequently, in order to persuade citizens to purchase an EV, more investment in EV technology and subsidies might be promising solutions in Shenzhen, while more investment in infrastructure and advertisement might be better alternatives for Hong Kong. Interestingly, when Shenzhen respondents are asked why they didn't buy EVs in previous years rather than about future purchase plans, a much larger share reports concerns about infrastructure and knowledge, a pattern more similar to Hong Kong prospective buyers. This suggests that the Shenzhen government has made clear progress investing in infrastructure and providing information about EVs. 
Public Transport
Public transport plays a vital role in providing mobility and access. It is the most cost-efficient and environmentally friendly mode of transporting large numbers of people.
Hong Kong has a comprehensive public transport system comprising railway, franchised buses, public light buses, taxis, ferries, trams, and non-franchised buses. These public transport services are operated by the private sector or public corporations without direct government subsidy. As an emerging city, Shenzhen is still developing its public transport system. Subway service began in 2004, and has been developing rapidly. By 2015, it reached 177 km in total length (see Table x (Table X) . As for public buses, the number of buses in Shenzhen is fewer than that in Hong Kong in terms of both total bus population and buses per capita, as shown in Figure XX .
However, the annual growth rate in Shenzhen is around 10% and considerably higher than in Hong Kong, which ranged between 0% and 5% and leveled off at around 1% over the past five years. The gap in infrastructure supply is due to two major characteristics of the two cities.
First, the development stages of the two cities are different. Shenzhen is a rapidly growing developing city while Hong Kong is relatively mature and developed. As a result, the demand, as well as available space, for new construction programs is higher in Shenzhen than in Hong Kong.
Second, the role that municipal governments can play is different due to different political systems. In Shenzhen, the government has a strong, even decisive, influence on public transport service providers, which are usually stated-owned enterprises. In Hong Kong, although the government is the major shareholder of the suppliers 13 , the role of the government is less overt. The enterprise law in Hong Kong stipulates that the program initiator is not allowed to vote on decisions related to the program. In addition, a very realistic political situation in Hong Kong is the fragmentation of political power. It is difficult for supporters to gain universal support, and thus budget approval, from competitors for government-initiated programs. These complexities explain the weak power of the government, even though it is the major share holder, in initiating environmentally oriented programs in local public transport service providers. As a result, government-initiated programs, especially environmental ones, will at best be superficially implemented for image considerations unless the program can be proven to be profitable.
While infrastructure supply can be led by government, the use of public transport relies upon individual decisions. We can take away a couple of key points from the trends displayed in Figure However, the results become contradictory when we ask respondents in Shenzhen about which policies they think will increase their use of bus and subway. As shown in Figure AA , the most supported policies by both public transport users and non-users are about the service quality, including comfort, reliable timing, less wait, convenient transit, and so on. Policies related to the major reasons cited by non-users in Figure ZZ , such as reducing taxi-service (the car alternatives), are not equally supported. This indicates not only the tremendous room of educating the public, but also the difficulty in persuading public transport non-users to become users. Figure AA: Which policy will increase your use of public transport in Shenzhen?
Non-motorized Transport
It is widely recognized that an increase in walking and cycling for short journeys in urban areas could reduce traffic congestion, improve the quality of the urban environment, promote improved personal health, and contribute to a reduction in carbon emissions (Tight et al, 2011) .
Based on the trip-day survey in Shenzhen in 2014, about 5% of urban trips were made by bicycling, and 45% by walking (17% for walking longer than 10 minutes and 28% for walking shorter than or equal to 10 minutes). Bicycling is rarely used in urban transport in Figure xx) . Only 25% of respondents expressed willingness to rent a bike in the future. People who do not want to rent a bike say that they prefer to use public transport or motor vehicles, or they already own a bike (see Figure ) . The bike-renting program itself also has some shortcomings; some people do not know where to rent the bikes and how to use them to transit to public transportation, which indicates that the government needs to make greater efforts to disseminate information about the bike-renting program and how to use bicycles in the parktransit scheme. Improvement in air quality also could encourage more people to rent bicycles. Promoting bicycling continues to face severe challenges, including competition from an improving public transport system and rising private vehicle ownership, as well as safety, environmental, and infrastructure concerns. Only about 13% of Shenzhen respondents say they may buy a bicycle in the near future. The major reasons that prevent people from buying a bicycle include features of biking itself (46%, including safety concerns, becoming tired, limited distance), infrastructure (18%, including bicycle lanes, park and transit facilities), air pollution problems (5%) and other personal factors (31%, including riding skills, already one, etc.) (see Figure ) .
Figure EE: why won't you buy a bike in the future in Shenzhen?
Conclusion
To conclude, we highlight some of the major factors that influence individual transport behavior in Shenzhen and Hong Kong. First, public transport accounts for significantly higher proportions in the total passenger trips in Hong Kong than in Shenzhen. Besides ownership and use of private cars, promoting EVs is one of the most important options for reducing environmental impact of transportation. This is one area where Shenzhen appears to have done a better job than Hong Kong, as measured by both the absolute number of EVs and their share in the total vehicle population. Shenzhen's success has a lot to do with the strong role of the local government. The government has a strong influence on public transport service providers, which are usually state-owned enterprises, and provides generous subsidies to producers and consumers to encourage the production and purchase of EVs.
Neither city has done particularly well in promoting non-motorized transport, unlike some cities in the world, especially in Europe. Program to promote bicycle use have performed particularly poorly. Reversing this pattern will require much bolder approaches.
